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Abstract
GUcal is a standalone application for automatically calculating the glucose unit (GU) values for
separated N-glycan components of interest in an electropherogram and suggests their tentative
structures by utilizing an internal database. We have expanded the original database of GUcal by
integrating all publicly available capillary electrophoresis (CE) data in the GlycoStore collection
(https://www.glycostore.org) and with in-house measured GU values. The GUcal app is freely
available online (https://www.gucal.hu) and readily facilitates CE-based high throughput GU value
determination for first line structural elucidation.
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Introduction
Glycan analysis is an important field of bioanalytics, especially in
clinical and biopharmaceutical research as well as in production
quality control of glycoprotein therapeutics. Structural elucidation
of the glycan moieties of glycoproteins is a difficult task due to their
inherited structural variety/complexity (linkage and positional iso-
mers) and physical–chemical similarities (Sastre Torano et al. 2019).
Currently, the necessary sample preparation methods and liquid
chromatography and capillary electrophoresis (CE)-based separation
workflows are well developed, but the related bioinformatics tools
are not adequately addressed, especially not for CE (Lu et al. 2018;
Shubhakar et al. 2015; Walsh et al. 2016).
Over the last few years, several large-scale initiatives have been
launched to coordinate and support technology development in
the glycomics field including the Human Glycome Project (https://
human-glycome.org) that is exploring the role of glycans in the
human body, their biological relevance and regulation mechanisms
as well as analytical method development. Beside liquid chromatog-
raphy, CE has major role in glycan analysis due to its high resolution
capable of separating carbohydrates by charge-to-size ratio (Hajba
et al. 2016). However, the major limiting factor is the lack of
bioinformatics tools for CE-based analysis and subsequent structural
elucidation. Manual calculation of GU values is a time consuming
and complex task, thus not suitable for the automated workflow
high-throughput glycan analysis requirement.
In 2015, we introduced GUcal (https://www.gucal.hu), an appli-
cation that automatically calculates the glucose unit (GU) values
for separated sample components of interest in an electropherogram
and assigns putative structures by utilizing an internal database
(Jarvas et al. 2015). The original GUcal database contained 32 N-
glycan entries released from the conserved ASN297 site of human
IgG. Features of the GUcal tool including the demonstration of the
resolution have been published in a detailed tutorial paper (Jarvas et
al. 2018). Recently, we have expanded this database by integrating
all publicly available CE data from GlycoStore as well as in-house
measured GU values. In this Application Note, we summarize the
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Fig. 1. Screenshot of the GUcal app showing a database match after a complete GU calculation session. The upper panel shows the maltooligosaccharide ladder
trace while the lower electropherogram is the human immunoglobulin G sample. Separation conditions: as noted in paragraph “completing the database.” The
peak of interest is marked in red at 14.67 min. Peaks with migration times of 8.35 (ladder) and 8.36 (sample) min are the internal standards and boxed red. This
figure is available in black and white in print and in colour at Glycobiology online.
Materials and methods
Coverage, reliability and relevance of the utilized database is essential
for any GU value-based structural elucidation exercise. Thus, the
original internal database of the GUcal app has been expanded by
integrating all CE data from GlycoStore together with in-house mea-
sured and validated GU values from frequently used glycan libraries.
Link the GlycoStore database
GlycoStore is a glycan separation-based database that integrates data
collections from academic and commercial partners (Zhao et al.
2018). It provides access to over 90 unique N-/O-glycan structure
entries with more than 500 CE migration and GU values (Abrahams
et al. 2018; Campbell et al. 2008), where multiple entries for certain
structures represent repeated measurements or independent values
from different sources. Furthermore, it reports details on the experi-
mental conditions and acquisition modes for the glycan entries.
Completing the database
To expand the coverage, diversity and application of GUcal and Gly-
coStore, we have integrated in-house analyzed CE-based GU values
for 65 N-glycan structures (abbreviated names) from standard parti-
tioned libraries and carbohydrates labeled with aminopyrenetrisul-
fonate (APTS). CE separations were performed on a PA 800 Plus
Pharmaceutical Analysis system (SCIEX, Brea, CA), equipped with
a solid state laser-induced fluorescent detector (excitation: 488 nm,
emission: 520 nm). CE measurements were carried out using two
different, commercially available CE kits, namely the Carbohydrate
Labeling and Analysis Kit and the Fast Glycan Sample Preparation
and Analysis kit (both from SCIEX). Human immunoglobulin G
sample was from Sigma-Aldrich (St. Louis, MO). The maltooligosac-
charide ladder was from Grain Processing Corporation (Muscatine,
IA). The effective length of the separation capillary in the Carbohy-
drate Labeling kit was 40 cm (50-cm total length, 50 μm i.d.). The
applied electric field strength was 600 V/cm in reversed polarity mode
(cathode at the injection side) at 20◦C. Samples were pressure injected
by applying 1 psi (6.89 kPa) for 5 s. The bracketing standard mixture,
required for the GU value calculation, was electrokinetically injected
by applying 3 kV for 3 s.
The effective length of the separation capillary in the Fast Glycan
kit was 20 cm (30-cm total length, 50 μm i.d.). The applied electric
field strength was 1 kV/cm in reversed polarity mode (cathode at
the injection side) with 0.17-min ramp-up time at 30◦C. Samples
were injected as follows: water by 3.0 psi (20.67 kPa) for 5.0 s
water, then the sample by applying 1 kV for 1 s and finally the
bracketing standard mix by applying 1 kV for 1 s. Please note that
the internal standards were parts of the CE kits. The 32 Karat version
9.1 software package (SCIEX) was used for data acquisition and
analysis. Sixty-five glycan structures together with their GU values,
neutral mass and doubly charged APTS labeled mass are listed in the
Supplementary data.
The new built-in database consists of 131 unique glycan structure
entries (there are some overlapping records between the GlycoStore
and our in-house measured GU value sets) with the corresponding
GU values calculated based on more than 630 CE migration time
data together with their Consortium for Functional Glycomics (CFG)
notations. The database covers a wide GU value range from 2.34
to 14.81, which covers all major classes of glycans originating from
common biological samples, biologics and biosimilars.
Discussion
GUcal is an efficient tool for interpreting CE glycan data and we
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database, which is continuously curated and further development
is planned by adding glycans from human serum, aberrant gly-
cosylation forms due to malignant transformation as well as O-
linked glycans. In addition, this updated version provides significant
improvements such as: 1) users can choose the database subset to
search; 2) the output file lists the three closest matching glycan
structures; 3) a minimum peak height can be defined for automatic
peak detection in the sample trace; and 4) CFG notation of the
matched database entries, as shown in Figure 1. The GUcal app
suggests possible structures for each marked peak of the sample trace;
however, these suggestions are relevant only when the analyzed CE
traces were measured with identical separation conditions as noted
for the corresponding database subset.
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